Abstract-Joint processing (JP) is a powerful mechanism in alleviating inter-cell interference (ICI) and maximizing data rate of cell-edge users. However, JP puts tremendous load on both feedback and backhaul overhead, thus partial JP was proposed to overcome high overhead signaling. Unlike linear techniques such as zero-forcing (ZF), achieving an equivalent backhaul reduction and presenting a totally free ICI system based on limited feedback channel state information can be done by designing and implementing a multi-start particle swarm optimization algorithm (MSPSOA) as a beamforming (BF) mechanism. The performance of the proposed MSPSOA and ZF BF is evaluated based on the acquired spectral efficiency and utility of internet application such as hard real-time, adaptive and elastic applications. The simulation results shows that, the proposed MSPSOA BF achieves spectral efficiency up to 69.5% compared to ZF BF, and it maintains total utility for high data rate requirements of three common internet traffic such as hard real-time, adaptive and elastic applications.
I. INTRODUCTION
Future-generation mobile cellular systems and beyond are expected to support high data rate transmission with the increasing demand of Quality of Service (QoS) for various services and applications. The usage of smart phones and tablets have become significantly part of our daily life habit, which need high data rate connection such as online videos. In order to qualify end users' data rate with respect to desired QoS, the utility of various internet application can be used. Moreover, utility functions can be used to address some of the significant problems such as network selection for vertical handover [1] and resource allocation [2] . The offered QoS by the system defines the performance of an application and hence, define the utility function of that application [3] . Internet applications based on their required QoS are often divided into hard real-time, adaptive real-time and elastic applications.
In cellular system, in order to maximize the spectral efficiency of the network, a full frequency reuse factor need to be implemented. Thereby, the user equipments (UEs) which are located at the cell edge may suffer from a severe ICI. To address this issue, coordinated multipoint (CoMP) transmission and reception is proposed in [4] , which is one of the milestone techniques that has been introduced in LTE release 9. CoMP aims to improve the spectral efficiency of cell-edge UEs which are directly affected by ICI by either coordinated beamforming/coordinated scheduling or joint processing. It can be noticed that JP scheme does not only remove the interference but also serve the UEs by multiple eNbs simultaneously. However, JP has a huge impact on the signaling overhead, since the channel state information (CSI) and users' data need to be available at the cooperative eNbs. Therefore, in order to degrade the effect of signaling demand, partial joint processing (PJP) was presented as a suboptimal solution to decrease the overhead by selecting a subset of eNbs for deploying the cooperation based on active set threshold value [5] . However, deploying a linear beamforming techniques, such as ZF and partial ZF BF, in a PJP framework may result a nonequivalent backhaul reduction and do not remove the ICI efficiently with respect to a sparse aggregated channel matrix because some of the inactive links may be turned into an active BF element and resulting unnecessary overhead because those links are already reported as inactive. Thus, a special scheduling constraint is required to overcome the linearity of conventional BF mechanism [6] , [7] .
In order to avoid latency that resulting from scheduling process in the system, the backhaul equivalence issue is going to be addressed with respect to physical layer approach by designing a stochastic BF on the basis of swarm intelligence. In [8] , basic particle swarm optimization algorithm (BPSOA) was introduced to achieve backhaul equivalence. However, insuring global optimization is a prime issue in BPSOA that caused by losing the diversity in the swarm as was explained in [9] . In other words, it sticks into local optimization and reduces searching space. Therefore, to insure global optimization and solve the lack of diversity issue in BPSOA, a multi-start particle swarm optimization algorithm (MSPSOA) is proposed in this work. The lack of diversity has been solved in this work by replacing the inactive particles adaptively based on a predefined constants which represents the difference between local best and global best optimization criterion as has been explained in Section IV.
In this paper, we are focusing on evaluating the impact of the proposed MSPSOA BF in a partial JP fashion based on the achieved spectral efficiency and internet utility of three common internet traffic such as hard real-time, adaptive and elastic applications. In addition, the conventional ZF BF with a nulling BF coefficients approach is also considered to be evaluated in this work as a benchmark. The simulation results indicate that higher spectral efficiency and total utility are maintained for high data rate requirements for the proposed MSPSOA compared to ZF BF. The remainder of this paper is organized as follows: Section II describes and highlights the utility functions for internet applications. The system model is depicted in Section III. The discussion about the proposed multi-start particle swarm optimization algorithm is in Section IV. Section V discusses the simulation results and Section VI summarizes the paper with a recommendations on future work.
II. UTILITY FUNCTIONS
Speech is a good example of hard real-time applications which requires a constant data rate at a minimum level as depicted in Fig 1. The following equation represents the utility for hard real-time applications
where r is the available data rate and R is required data rate to maximize utility to 1. Streaming media and online gaming are examples of adaptive applications. It is somehow similar to hard real-time applications but smoother, refer to Fig 2. The utility function used for evaluating data rate for adaptive applications is
in this expression, R is the required data rate to maximize utility (to 1-). Smaller values of results steeper curves. The value of in this work is equal to 0.01 as in [2] . E-mail and file transfer are examples of elastic applications, the higher the data rate the better utility gain. However, higher utility gain is attained at low data rates as shown in [2] . The utility function of elastic applications is given as
where R is the data rate to have a utility value of 1. Even higher data rates may be used by elastic applications in compare with hard real-time and adaptive applications, but with only marginal utility increase. The R value illustrates the maximum data rate that a user requests for. III. SYSTEM MODEL For a given static cooperation cluster as in Fig. 4 , consider a downlink transmission consisting of K eNBs with N T transmit antennas with a single antenna M UE [8] . Intra-cluster interference that caused by the transmission process to UEs within the center of the cooperation cluster is considered in this work. While the interference that steaming from adjacent cooperation clusters "Inter-cluster interference" is assumed to be negligible in order to simplify the system model. The received signal by
where H ∈ C M×KN T is the channel condition coefficients of the system, known as aggregated channel matrix,
T . h m ∈ C 1×KN T represents the channel array from all the UEs to the eNBs in the cooperative cluster. The
is the array for the mth UE. W indicates the BF matrix after power allocation. x is users data, while n. is the white receiver noise with variance σ 2 . In case of ZF BF, the condition of K · N T ≥ M should be satisfied in order to make the beamforming feasible. Therefore, by applying the Moore-Penrose pseudo inverse of the aggregated channel matrix, the aggregated BF matrix is
Every eNB in the cooperation cluster should be subjected to a maximum transmitting power P max . Thus, at least one eNB has to transmit at maximum power. The aggregated BF matrix after power allocation W can be written as
where the rows of the BF matrix W are (k N T , :). The signalto-interference-plus-noise ratio (SINR) for the mth user is
The spectral efficiency or in other words "acquired sumrate" in term of (bps/Hz/cell) is defined as
IV. THE PROPOSED MULTI-START PARTICLE SWARM OPTIMIZATION BEAMFORMER Particle swarm optimization (PSO) is a naturally inspired stochastic algorithm in which the particles are modeled to simulate the movement of a flock of birds, or a shoal of fishes, etc, to find their food or escape from hunters. The movement of birds and the social interactions with their neighbors was modeled and simplified in [10] to perform optimization. The adaption mechanism of swarm optimization [11] has been included in this paper to propose a MSPSOA. For a given particles population, it can be assigned to each one of them the real and the imaginary coefficients of an aggregated channel matrix H, with [M × K · N T ] dimensions. The beamforming elements can be represented as n = 2 · K · N T · M , where "2" is due to the fact that PSO define the real and the imaginary active parts as individuals in the aggregated BF matrix. The flying boundary of the swarm in searching space is limited within [x min , x max ], where x max = 1/max H (i, j) and
There are only two parameters need to be defined during the computational process of PSO algorithm which leads to less computational complexity compared to other computational algorithms like genetic algorithm. PSO parameters are known as position X (i, j) and velocity V (i, j), where ith represents a particle and jth is its BF coefficient. The position and velocity can be initialized as
where r and s are uniformly distributed numbers between [0, 1], and ∆t is the time length step. Even though the searching space limitations are restricted to [x min , x max ], the particles may exceed those limitations, and thus the particles may go beyond those limits. To prevent such a divergence the velocity should be limited to v max .
In order to perform evaluation for a given objective function f (X (i, :)) := −R tot , each particle was modeled and identified as i and carries n BF coefficient known as j. Thus, the resulting aggregated BF matrix can be formed as W (l, m) ← {X (i, j)} + i · {X (i, j + 1)}, where l ∈ {1, ..., KN T } and m ∈ {1, ..., M }. As the evaluation goes on for a given ith particle, the variable X pb (i, :) stores the best BF value among the population, while x sb stores the best BF value achieved so far in the swarm for whole of computational iterations. The updated velocity and position of the particles are formulated as
where p and q are uniformly distributed numbers. The terms c 1 and c 2 are called cognitive and social components respectively [12] . The parameter known as inertia weight w is used to control the current velocity based on the last value. When the value of w greater than 1, that leads the particles to explore the searching space. Whereas, if w decreases to less than 1, the effect of the acceleration factors become more effective [13] . The value of w is controlled by a parameter known as decaying factor β as a function of w ← w · β.
As was pointed out earlier, there is a significant need to design and implement a beamformer that insures global optimization. Therefore, a MSPSOA BF is proposed in this paper to achieve global optimization by replacing the inactive particles adaptively based on some convergence conditions [9] . For a given objective function, the replacement of the inactive particles can be done by reinitializing the algorithm based on ∆C i , which is the difference between f pb (X (i, :)) and f sb (X (i, :)) as
The multi-start mechanism of the proposed algorithm is controlled by predefined constant γ. Therefore, by counting the number of inactive particles that satisfy ∆C i < γ and when it extends a defined limit T c , both of position and velocity will reinitialize. The values of γ and T c are selected based on the trails. The PSO parameters can be found in [8] , while the values of γ and T c are 0.0001 and 3 respectively.
V. SIMULATION RESULTS
In this section the proposed MSPSOA and ZF BF are going to be evaluated with respect to achieved spectral efficiency and the utility functions of different internet applications as have been stated next. The UEs are uniformly cluttered at the center of the cooperative cluster. The system parameters are illustrated in TABLE I. In wireless communication networks, it is important to deliver the required data rate for different traffic types in order to satisfy users' QoS. The user data rate is log 2 (1 + SINR)·BW , where BW is the total bandwidth which is assumed to be 1 MHz and it has been divided between the frequency blocks. In this paper, partial joint transmission (PJT) is considered as a sophisticated subscheme under JP framework that aims to maximize the spectral efficiency of the cellular network. Therefore, that can give rise to propose and investigate different beamforming mechanism. Later on this section, the proposed MSPSOA and ZF BF are going to be checked out for a various traffic loads such as hard real-time, adaptive and elastic applications. The simulation results demonstrate that the proposed MSPSOA BF performs better than ZF BF in the conducted scenarios.
A. Acquired Sum-Rate
The cumulative distribution function plot of acquired sum rate of PJT for 1000 channel realization is depicted in Fig 5. It can be seen that the proposed MSPSOA BF outperforms ZF BF by more than 69.5% for 9 UEs that have been dropped in the cooperative cluster. Such an enhancement comes due to the fact that ZF BF does not eliminate ICI effectively in PJT fashion because of its linearity. Therefore, the proposed MSPSOA BF is feasible to satisfy high data rate users' requirements with a lower backhaul demand. 
B. Hard of Real-Time Applications
PJT provides high performance gain for hard real-time applications only when the achieved data rate can be moved from zero to one as was indicated in Fig 1. As illustrated in Fig 6 , ZF BF can provide total utility for only 5 Mbps/cell traffic demand while the proposed MSPSOA can reach up to 9 Mbps/cell. 
C. Adaptive Applications

D. Elastic Applications
In Fig 8 , the utility gains of PJT is illustrated for elastic applications with different required data rates. Very high utilities achieved by MSPSOA as well as ZF BF mechanisms with required data rates below 3 Mbps/cell. The utility then drops slowly by increasing the required data rate for BF schemes. It is noticeable that MSPSOA BF does not offer much higher utilities over ZF BF which is due to the fact that services such as email and file transfer can be handled by a conventional beamforming mechanisms. Nevertheless, total utility of MSPSOA BF is still slightly higher than ZF BF for elastic applications.
VI. CONCLUSION
In this paper, MSPSOA has been presented to achieve equivalent backhaul reduction and to effectively eliminates ICI which are difficult to be implemented by linear techniques such as ZF. The impact of the proposed MSPSOA and ZF BF was evaluated with respect to achieved spectral efficiency and utility of typical internet applications such as hard realtime, adaptive and elastic applications. This study reveals that, the proposed MSPSOA BF achieves spectral efficiency up to 69.5% and can maintain total utility for a higher internet traffic demand compared to ZF BF. Future trials should assess the impact of binary PSO algorithm and deploying the time-varying acceleration (TVAC) factor techniques in PSO algorithm would be interesting research directions.
